LabVIEW Measurement
Automation and Applications



What is the hardware that we have?

* Keithley 237s (V/I sources and V/I meters)

Acoon

* HP 4284A (LCR meter) — external DC bias
using K237, K485 pAmmeter

* 2 probe stations — one with homemade dark box
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* voltage sources

*Grezgorz Deptuch




HARDWARE IS NOT EVERYTHING.

e

* Tedious pen-and-paper ‘
method is the last resort s
when measurement —

hardware is not —~
accompanied by software. -
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» Should include features and realize methods that are exactly needed!
» Should allow modifications and additions if new instruments are added.
» Should be developed in limited time and with reasonable resources.

*Grezgorz Deptuch



HOW WE BUILT OUR SYSTEM

;s
‘7’ NATIONAL
' INSTRUMENTS

» All measurement intruments are
connected (bus) by GPIB.

* All instruments are in “clean room”
on the 14th floor of Wilson Hall. J )

» GPIB converted to Ethernet

» All measurement intruments are \
seen on remote computers as they

ol gmr 3 B
were connected locally. _‘_____ - - - /m
i instr.2| T
instr.1 Ilnstr.3

instr.5
gpib +

GPIB-ENET/100

instr.4 « All intruments can be
accessed from LabVIEW.

* Measurements are
performed using
LabVIEW routines.

gﬁ:te)/me!l ethernet « Visualization and
processing done in
PC LabView PC LabVIEW or Origin
LabView LabView

*Grezgorz Deptuch




Complex Detectors

SOI Pixe| Detector Radiation
_— - CMOS Circuit ?/-’i??
One pixel detector is the Monolithic Active — L PMos Inos/ T 1 &
Pixel Matrix with Binary Counters = e e /
(MAMBO) having a Buried P-doped Well n+ pt —
(BPW) and a Buried N-doped Well (BNW). T
The BNW is there to protect the amplifying
transistors from the changing bias in the Si Sensor
BPW caused by the radiation. {High Resistivity
Substrate) rd
4
' |
BNW

n-plus p-plus
Radiation

S

Current

-

Die-pad D o-doped
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Current vs Voltage Measurement with KEITH 237 METER/DC VOLTAGE/DC CURRENT SOURCE and other instruments

SETUP OF KEITHLEY 237

VISA resource name
¢ GPIBO::10::INSTR v

1100V ENABLED

-

source range I source / V source

,0_¢ auto / auto

integration time (medium:1)

,0_¢|fast perod

source/measure GP{B timeout [ms]
0 c{voltage/current ‘,-‘4000

current compliance filter (disabled:0)
%/0.10000 o 4§ldisabled

file path (dialog if empty)

%.|C:\Documents and Settings\stanifer\Desktop\thisisatest.txt

FORWARD

measured

1
SE-1 7.5E-1

0
1E+0

source

Save?

1 1 )
1.2E+0 1.5E+0 1.8E+0

SETUP OF MEASUREMENT

FORWARD ) Voits @ mitiiamps
start level f stop level f step f
30.570 | 41670 go.010 |

BACKWARD ) Volts ' milliAmps
start level b stop level b step b
91500 20000 20.010

FILTERING  St€P ‘qelay time (ms) rﬂo of meas

Forward? v 10.00 ) 1

hold time (ms) No for avg
J prii ,
Backward? v/10.00 ‘ ) 1

BACK

Measured

Source

Bypass GPIB
START | CLOSE I 0:10
DATA
:
0 |/8.0092E-5 1 FORWARD
go —
0.0000E+0 FVoltage
j‘ ‘1'\ ’an’f\E +0
‘ 1.68
).0000E+
0.0000E +C FCurrent
0.0000E + 7 80.09u
$o -5.9150E-11 BACKWARD
0 |Gosien BVoltage
4.2560E-11 0
4.0350E-11
3.9490E-11 BCurrent
3.9600E-11 -7.2525p
error out
Plot 0
error code
) b
source

I
1E+0

1
1.5E+0

device dependent errors
--IDDCO

(" K237
(" K485A
(" k4858
(" k2378
(® K2400

ARE OTHER INSTRUMENTS PRESENT

Instrl Keithleyass_A (_ )
Instr2 Keithleyass B8 BB

Instr3 Keithley2378 \_9

Instr4 Keithley2400 (B
gpib1 gpib2 gpib3 gpib4
0:7 0:15 0:24

Description of measurement
Room temp=23.5C

Instrl ‘ Instr2  Instr3 | Instrd

.
PICOAMMETER Keith485_A
VISA resource name 1

‘\ GPIBO::7:INSTR W)
output_forward

0.000 | range (auto:0)

output_back

2mA-
0.000 200pA~
. 20 microA~
relative (off:0) ) e
on- 200 nA-
| ! o
|°g°ff ﬁJ auto- :

|_ & trigger (cont:0)

Joff ant. on talk




Resistor |ys. V

2.50E-04
2.00E-04
1.50E-04
1.00E-04
5.00E-05

(A)

e e sl Forward

Current

1 2 e=f==Backward

-2.00E-04

-2.50E-04
Voltage (V)

Diodel
IN5401

Resistor
6.8 Kohms +/- 5%

Diode2
IN759

Diodel |vs.V

0.0025
0.002

0.0015

Current (A)

0.001 sl Forward

0.0005 ==l Backward

Voltage (V)

Diode 2 | vs. V

0.0025
0.002
0.0015

0.001

Current (A)

s=fil=Forward

0.0005 em@u=Backward

0.25 0.45 0.65

Voltage (V)



Test
Structure:
MAMBO [V

Vdda vdda
Effectively
a short
Illesai(/ < I\ Amplifiers
(-1.5V) ' > cut out of
l/ the circuit
Die-pad GND

BNW
n-plus p-plus

—¥
~300 microns

41x42 array of pixels
A total of 1722 pixels

y

Measurement Devices:

2 Keithley 237: source/measure

1 Keithley 485: picoammeter

Other Devices:
2 Constant Voltage Sources

. O n-doped
Die-pad p-doped
p-plus
+237b- | leak
Die-pad
GND
BNW
+237-
+ 485-




H R' 1 KQcm Czochralski
e Thin: 300 microns

Control Data

HR Breakdown

3.00E-06
2.50E-06
2.00E-06 [
< [
E 1.50E-06 [ e=fil=|[A] backward
é I wsiem Guard Ring b
: e=gum |[A] forward
i ==fe=Guard Ring
1.00E-06 |
5.00E-07 [
0-00E+00 = L 1 1 1 L 1 1 1 L 1 1 L L 1 1 1 1 ! |
0 20 40 60 80 100 120 140 160

Voltage [V]



Control Data cont.

FZ: Guard ring and Pixels

7.00E-05 |
6.00E-05 |
5.00E-05 |

4.00E-05

Current [A]

3.00E-05 |
2.00E-05 |

1.00E-05 |

0.00E+00

0 50 100 150 200

Voltage [V]

Many thermal carriers are generated
when depleted to the side.

The junction is over-depleted but still
doesn’t break.

==de=backward

== forward

Current [A]

FZ Float Zone 7.1 KQcm
e Thicker: ~485 microns

No apparent breakdown
Noise from subtracting 2 large numbers for a small one
Averaged over 8 measurements to reduce noise

sy Guard ring B

=== Guard ring

2.00E-06

1.50E-06

1.00E-06

5.00E-07

0.00E+00 ¥

FZ: Guard ring and Pixels

==e=backward
=== Guard ring B
w=u forward
=== Guard ring

50 100 150 200

Voltage [V]



BNW

The Effect ~J T
T
of n-plus

Guard ring saturates slightly more quickly.

No effect on pixel breakdown —_—— _|
The capital B represents when n-plus is tied to Die-pad E n-jorﬂeg
the die-pad. p-dope

HR Breakdown: nplus comparison

3.00E-06

2.50E-06 |-

L ==ie=|[A] backward B
2.00E-06
i =@-=Guard Ring Bb

1.50E-06 |- wte |[A] forward B

Current [A]

e Guard Ring B
1.00E-06 | —#—I[A] backward
: =>¢=Guard Ring b
5.00E-07 : === |[A] forward

=== Guard Ring

0.00E+00
0 20 40 60 80 100 120 140 160

Voltage [V]



BNW Bias from0.5to 5

HR with varied BNW bias

Current [A]

Current [A]

160

==g==forward 5
forward 4.5
= forward 4
e forward 3.5
==@==forward 3
== forward 2.5
==fe=forward 2
e=@==forward 1.5
e=g==forward 1
=aie=forward.5

This is approximately 0.4 nA

1.20E-06
1.00E-06
8.00E-07
6.00E-07
4.00E-07 |
2.00E-07
0.00E+00 M ' !
0 20 40 60 80 100 120 140
Voltage [V]
HR with varied BNW bias zoom
1.00E-06
==Q==forward 5
9.00E-07 forward 4.5
forward 4 The largest difference is
8.00E-07 )
——forward3.5  approximately 0.68 uA.
7.00E-07 ==@==forward 3
== forward 2.5
6.00E-07 —te—forward 2 per pixel (on average).
e=@==forward 1.5
5.00E-07 '
130 135 140 145 150 —¢—forward1
==ie=forward.5

Voltage [V]



Poly Test

+9.5

-9.5

- m—

I o I

I Polysilicon
L Increasingly J I L Effectively j

n-doped | p-doped

I
I ! O n-doped

Die-pad I @ p-doped

I

This aids in isolating each pixel
so that there is a smaller level
of noise than without poly
being biased.

If poly is biased in the reverse
direction, then the pixels
effectively blend so the whole
device becomes like one large
pixel.



n - negative bias

Poly Test cont.

Current [A]

2.50E-06

2.00E-06

1.50E-06

1.00E-06

5.00E-07

0.00E+00

p - positive bias

HR Poly Comparisons

==e=backward n
e=e=forward n
=== backward c
=@=forward c
==f=bhackward p
=g=forward p

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

0 20 40 60 80 100 120 140 160

Voltage [V]



HP 4284A

VISA resource
name_HP4284A

¢ GPIBO::18::INSTR W

Integ Time
(0: Short)

= = —

LaloV

Measurement (C/V)
with HP 4284A LCR METER
internall and external K237 DC bias

- G

sweep

rr
Gradual Steps  nitial blas (v) ¥ 0"’ J

D G gooo |

AC voltage (mV) Compensation F soak time (s)

925.00 /LoAD SHoRT | - .\9 5.00

Compensation Freq sweep DC Bias sweep ‘
Imp Type V (0: CPD) | INEAR SWEEP signal frequency
Scere |3 Start Volt Lin (V) S
w0000 750 kHz~=
step d:!a)' time V (ms) Stop Volt Lin (V) -
e A LU L S0
¢/100.00 ’ e =50.0000
250 KHz~
Mo of v Step Volt (V) S
0 Oof meas =
yp— ql0.5000 Z
)6 40 KHz~
NoToravg v LOGARITHMIC SWEEP 20 KHz=
6 Start Volt Log (V) 10 KHz=
Instrument avg V Slo.1000
' ¥ 1 kHz~
4 Stop Volt Log (V)
& 100~
v 1.0000 :
measurement points V| seep / decade (V) 20
- A v log ON
51 §/10.0000 »)
measurement point o —
0 0.1 0.2 0.3 0.4
8.78729€-11 |8.76754F-11 |B.75665F-11 18.74994E-11 |8.74467F-11
KEITHLEY 237 Path of an output file & |
VISA resource name_K237 C:\Documents and Settings\stanifer\
+[GPIBO:: 10 INSTR W I 9, Desktop\thisisatest.txt
settling time ms
: Description of measurement
800

fraq _sweep Reset Voltage

Capacitance |

Resstance [Ofim)

Type

EW C-V

1.32E+20~
1.32E420~

1.32E420~

1.31E+20~

1.31E+ 20—

1.31E+20~

1.31E+20~

1.31E+20"

1.30E+20~

1.30E+20~

1.30E+20~

1.30E+20~

1.30E+20~

1 1 1 ’ |

0 1 2 3 4 5
Bas [V] or Fregquency [Hz]

1.00E-4-
7.50E-5~
5.00E-5~
2.50E-5"

0.00E+0~
<2.50E-5-
=5.00E-5=

Current |A]

: ) 1 ) [ '84445'5:1 [ ] 1 ] i
0.0 1.0 20 3.0 40 50 0.0 1.0 2.0 30 4.0 50
Bas [V] or Frequency [Hz)] &as [V] or Frequency [Hz)

error in k237 error out

HP GPIB [0:18 K237 GPIB 0:10
Test Structure |4n K
Low P Display

error
c code code

o ) e]o error ) o
Cord | =

: ABORT

1/C~2 source source




Capacitance [F]

The capacitance of a capacitor was
measured to be 71.24 £ 2.5 pF. The noise in

Basic Tests

Ceramic
Capacitor

7.16E-11

e

| inear (C)

comparison of internal
bias and external bias
on the capacitance of a
diode in reverse bias.
There is no apparent

_ _ 7.15€-11
the C-V plot is sub-pico. The slope of the o 744614
[T . -
line of best fit is -1.7x101> + 1.26x1014 F/V. S a1
. . . c . -
Thus there is no appreciable effect of bias £ en
. . o . -
voltage on the capacitance of a capacitor. a
8 7.11E-11
7.10E-11
7.09E-11
0 1 2 3 4 5
Voltage [V]
Diode
Capacitance Comparison 1/CA2 Comparison
9.E-11 E 1.6E+21 F
8.E-11 & 1.4E421 -
el _ 126421 - To the left is the
6E11 X 2 10E+21 -
>E11 £ e=g=Capacit = 80E420 -
4E11 - intp;aCI e S - 2 =—=1/CA2 int
3E-11 g . § 6.0E+20 g . .
2E11 - ==g== Capacitance 4.0E420 -4 ====1/CA2 ext.
1E11 - ext. 2.0E420 §
0.E+00 © 0.0E+00 - .
difference.
0 2 4 0 2 4
Voltage [V] Voltage [V]



Concept Tests

GND
Effectively 15 pF Capacitor

hort . 1.669E-11
I leak H I e 25
€—

(-1.5V) ' 1.664E-11

=
Q
! § 1.659E-11  =M=Capacitance+R
':é === Capacitance
§ 1.654E-11
Die-pad 5 -4 -3 2 -1 0
Voltage [V]
Effectively no difference Diode Capacitance Diode 1/CA2
1.0E-10 1.4E+21
1.2E+21
8.0E-11
™ N I~ 1E+21
i <
GND § 1 6.0E-11 < 8E+20
S . =
s ] i Py 6E+20 i
I leak g ] 40E-11  —@=C[R] ) == CA-2 [R]
(-1.5V) “ 1 20611 =C - 20 #=1/Ch2
] 2E+20
L1 0,0E+00 0
5 3 1 5 -3 -1

Die-pad Voltage [V] Voltage [V]



Capacitance [F]

Control Data

Reverse Bias

FZ-160V (a)

ST

F I I TR TN TN T AN TR T T N 1

-200

-150 -100 -50 0

Voltage [V]

1.20E-10

1.00E-10

8.00E-11

6.00E-11

4.00E-11

2.00E-11

L 0.00E+00

== Capacitance
==@==Capacitance

[cr2 [FA-2)

Float Zone 7.1 kQcm

FZ: Thicker: ~485 microns

FZ-160V (b)

Full depletion
|

1.5E+21

-200

-150

-100

Voltage [V]

1 3.5E+21

3E+21

2.5E+21

2E+21

li=1/CA2
e 1/CA2

1E+21

5E+20



p-plus p-plus
GND GND NN\

We want to measure just the capacitance of
the pixels, but the guard rings at p-plus do

have an added capacitance. The simplest test is just shorting p-plus to ground.

Another attempt is to put a resistor between p-plus
and ground to help isolate the buried p-well.

p-plus
1
[
]
GND Die-pad J- GND | leak

\"4
Measurement Devices:
_|_ + HP- HP-4284A

AANAN
"4

+ HP-

Other Devices:
1 Constant Voltage Source




FZ-160V p-plus (a) FZ-160V p-plus (b)

- 1.2E-10 4 3.5E+21
'x Full depletion ]
1 4 3E+21
1E-10 J
4 2.5E+21
8E-11 ]
= _ 4 2E+21
o o J
o . < A
'E 6E-11 ==g==Capacitance ,E ] =1 /CA2
® == Capacitance S - afil=1/CA2
& = 4 1.5E+21
S s C-short 1~ sl 1/CA2-short
el C-Resist 1 eyl ] /CN2-Resist
4E-11 :
4 1E+21
2E-11
S5E+20
L L L 1 1 L L 1 1 L L 1 1 L L 1 1 1 L 1 0 L L 1 1 1 L L 1 1 1 L 1 1 1 L L 1 1 1 o
-200 -150 -100 -50 0 -200 -150 -100 -50 0

Voltage [V] Voltage [V]



Setting on the HP-4284: CPRP and CSRS

FZ-160V P and S (a)

1 1.4E-10

1 1.2E-10

% 1E-10

= # 8E-11
3
c
=
o
S
o 6E-11
o
4E-11
4 2E-11
|||||||||||||||||||| 0
-200 -150 -100 -50 0

Voltage [V]

FZ-160V P and S (b)

Full depletion 1 3.5E+21
I ]

1 3E+21

-1 2.5E+21

|
|
|
|
) | 4 2E+21
s | |
==¢==Capacitance 5 I =] /CN2
S i
=== Capacitance ~ I - 1.5E+21 =lll=1/CA2
=== Capacitance-S | e 1/CA2-S
[ i
4 1E+21
| J
|
I 5E420
|
|
L 0
-200 -150 -100 -50 0

Voltage [V]

CPRP: ﬁﬁ CSRS: |-



LalbVI

EW C-V Ana

SIS

Extraction of Effective Doping Profile

input file path (dialog if empty)

g E:\C-V testiFZ-140,bxt

data type

number of header lines

PJ [] Capacitance

[ Em—

all columns

header

"Tuesday, July 12,

2011" 10:43 AM

0 |[0.0000E+0 [1.0800E-10 |
% || GoooE-1 \[B.0400E-11 |

|

\Write to a file

.diode_area [m2]
iooos

Mo. pts. Avag.{odd)
s

min. delta C [F]

)|1 .00p

-

1 .0000E+0 |b,51nog-11 | Ranlge: AUTIO o ;.)Compensatlon [pF]
oscilator voltage @ hig 114
[1.5000E+0 |5.9400E-11 || | olytion :OFF = .
header
—Jl
)

output file path (dialog if empty)
q E:\C-¥ test\FZ-140-profile.txt

Meff [cm-3]

doping profile

1.0E+13-

1.0E+12 -

1.0E+11,-
0.00

1 I 1
100.00 200.00 300.00

depth [um]
average MNeff max MNeff
WE] 2.44E+12
min Meff

4.60E+11

1 [
400.00 500.00

"max" depth
405,37

"min" depth
66.36




Transconductance Application

Cryo-Measurment

Derivative Derivative and Fit

2.50E-3~

I 1 ) 1 1 [ 1 . 1 1 [ 1 1
3.5E-1 6.0E-1 8.0E-1 1.0E+0 1.2E+0 1.4E+0 . 6.0E-1 8.0E-1 1.0E+0 1.2E+0 1.4E+0 Z 8.0E-1 1.0E+0
Voltage [V] Voltage [V] Voltage [V]

VISA resource name Stress Vds Stress Vgs  Stress Time  yds Measure
|+ Gpiso:i10:nsTR  fwf 512,25 1125 1100 40.050

VISA resource name B Compliance gs  Stress Ids VISA resource name 3
|- GPIBO::24::INSTR W _.}Io.]. 145.2659m I- GPIBO::15:INSTR W

file path (dialog if empty)
g C:\Documents and Settings\stanifer\Desktop\Gm-3.txt = l

Time TIME GM-Volt GM-Max

136100 3,0_ 0 J,_ 10.76023 15.94323m "
ean

GM-Voltage 1100 10.76023 15.9077m [5.75100m)
0.78025 1200 10.76023 |5.89234m
Deviation

GM-max 1300 10.76023 5.88422m [ oo
5.71481m 1400 10.76023 |5.88208m

Correction Description of measurement
10 0 10.00022

10.01 10.01023

10.02 10.02029
10.03 10.03029

10.04 10.04022 ! .

1 1 1 | 1 '
10.05 10.05033 0.0E+0 2.0E44 4.0E+4 6.0E+4 BOE+4 1.0E45 1.2E45 1.4E+5
Time [s)




